We have a long standing interest in the synthesis of seven membered ring systems, particularly involving the chemistry of alkyne dicobalt complexes and propargyldicobalt cations.
1, 2 In particular, we have developed chemistry to incorporate nucleophiles, including electron rich arenes, γ-to electron withdrawing groups, 3 in an umpolung fashion, [4] [5] [6] and have used this chemistry to get access to seven membered ring systems. 1a In this context we were drawn to cyclohepta [de] naphthalenes, featured in the rearranged abietanes such as microstegiol 7 and salvibretol, 8 and their oxygenated analogues (Figure 1) . 8, 9 These compounds are isolated from a number of plants of the salvia species that have long seen use as folk remedies and whose crude extracts have demonstrated antibacterial and anticancer activities; 10 microstegiol itself is known to possess antileukemic activity 7, 11 and modest antibacterial activity.
10b Surprisingly, these compounds have not received synthetic attention. Therefore we considered it worthy goal to investigate our Nicholas reaction-and γ-carbonyl cation chemistry towards the construction of the cyclohepta [de] naphthalene nucleus, with a particular view to the tautomerized 2-naphthol framework of microstegiol. As a starting point to test reactivity, 2,7-dimethoxynaphthalene (1) was chosen, by virtue of its ready availability, its ability to direct monosubstitution to C-1 over C-3 in most cases 12 and disubstitution to C-1/C-8 over C-1/C-6 in many cases, and the potential for one alkoxy to serve as the masked version of the ketone function in microstegiol or salvibretol. Compound 1 showed sufficient nucleophilicity to react with propargyldicobalt cations; propargyl alcohol complex 2a underwent BF 3 -OEt 2 mediated reaction to give 3a in excellent yield (93%) ( Table 1) . Use of γ-carbonyl cation precursor 2b (R 1 = CO 2 Me) gave good yields of condensation product 3b (76%), while substitution on the remote alkyne carbon with methyl (2c) and trimethylsilyl (2d) functions also allowed formation of condensation products (3c-d) successfully (3c, 84%; 3d, 71%).
13 Polyalkylation of the naphthalene nucleus did not appear to be a significant problem. Disubstitution reactions on 1 could also be accomplished, by increasing the amount of propargyldicobalt cation precursors (2) to 2.2 equiv. For these reactions, the predominant 1,8-disubstitution pattern (4) was observed only for the unsubstituted (R 1 = H) and electron withdrawing group substituted (R 1 = CO 2 Me) propargyl cation complex precursors 2a and 2b (Table 2) . 15 In the case of other R 1 substituents (R 1 = Me, Me 3 Si), the second substitution occurred at C-6, giving 5c and 5d. In the case of 2d (R 1 = Me 3 Si), the second condensation was somewhat sluggish, and substantial amounts of 3d were isolated in addition to 5d despite allowing the reaction to warm to room temperature. Given a basic understanding of the reactivity of 2,7-dioxygenated naphthalenes to propargyldicobalt cations, we considered γ-carbonyl cation adduct 3b and 1,8-dicondensation product 4a viable intermediates in the synthesis of cyclohepta [de] naphthalenes, and this possibility was explored. The unsubstituted cyclohepta[de]naphthalene nucleus was approached beginning with 4a (Scheme 1). Decomplexation of the alkyne functions could be effected by (NH 4 ) 2 Ce(NO 3 ) 6 , affording diyne 6 in 57% yield (64% based on recovered starting 4a). Hydrogenation of the alkynes using the Lindlar catalyst gave the diallylated naphthalene 7 (90% yield), and subsequent ring closing metathesis using (Cy 3 P) 2 Cl 2 Ru=CHPh (Grubbs 1 catalyst, 5 mol%) afforded 8 in 77% yield. 16 After the viability of this approach had been demonstrated, it was reported that the corresponding diacetoxy compound also has been prepared by ring closing metathesis chemistry. Scheme 4 Preparation of rearranged abietane framework of microstegiol.
In conclusion, we have demonstrated the viability of Nicholas reaction chemistry in the assembly of cyclohepta[de]naphthalene rings, and in the construction of the rearranged abietane framework of microstegiol. Future work, which involves installation of the γ-carbonyl cation equivalent ortho-to a less donating (methyl) substituent, and introduction of a hydroxyl function α-to the keto function, is in progress and will be reported in due course.
Experimental Section
To a solution of 2,7-dimethoxynaphthalene 1 in CH 2 Cl 2 (0.05 M) at 0 o C was added propargyl alcohol complex 2 (1.1 equiv for monocondensations, 2.2 equiv for dicondensations) and BF 3 -OEt 2 (3 equiv). After 3 h of stirring at 0 o C, NH 4 Cl (aq) was added, and the mixture subjected to a conventional extractive workup. Purification by flash chromatography afforded 3 (monocondensation) or 4/5 (dicondensation). 
